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(57) ABSTRACT

A liquid crystal display apparatus includes: a display device a
first substrate having a pixel electrode and a reference elec-
trode, a second substrate facing the first substrate; a flexible
substrate; a housing that accommodates the display device; a
transparent conductive film that is formed on a surface of the
second substrate; a first conductive member and a second
conductive member, wherein one end portion of the first
conductive member and one end portion of the second con-
ductive member are connected to the transparent conductive
film; a first grounding route, which is configured by at least
the first conductive member that is connected to a grounding
wiring formed at the peripheral part of the first substrate and
the flexible substrate; and a second grounding route, which is
configured by at least the second conductive member that is
connected to the housing.

(2013.01) 12 Claims, 2 Drawing Sheets
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LIQUID CRYSTAL DISPLAY APPARATUS
COMPRISING FIRST AND SECOND
GROUNDING ROUTES AND
MANUFACTURING METHOD OF THE
LIQUID CRYSTAL DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2013-123972 filed on Jun. 12, 2013, the
entire subject matter of which is incorporated herein by ref-
erence.

TECHNICAL FIELD

This disclosure relates to a liquid crystal display apparatus
and a manufacturing method of the liquid crystal display
apparatus.

BACKGROUND

In a liquid crystal display apparatus, specifically, in a hori-
zontal electric field type liquid crystal display apparatus, one
of'two transparent substrates, which are arranged to face each
other with a liquid crystal layer being interposed therebe-
tween, is provided with a display electrode and a reference
electrode. An electric field, which is generated parallel with
the transparent substrates between the display electrode and
the reference electrode, modulates light penetrating the liquid
crystal layer.

In the horizontal electric field type liquid crystal display
apparatus, the other transparent substrate is apt to be charged
due to external causes, and then liquid crystals enclosed
inside the apparatus are influenced by the static electricity, so
that a display may be distorted. For this reason, measures that
a transparent conductive film is provided on a surface of the
transparent substrate at an outer side of the liquid crystal layer
and is grounded have been taken for the horizontal electric
field type liquid crystal display apparatus (for example, refer
to JP-B-3645834).

A liquid crystal display apparatus disclosed in JP-B-
3645834 has a shield function against the static electricity
from the outside by grounding the transparent conductive film
provided on the surface of the transparent substrate at the
outer side of the liquid crystal layer. However, when the
transparent conductive film is disconnected from the ground-
ing, a screen display is distorted by the influence of the static
electricity from the outside.

In the meantime, when there is no technology of checking
a grounding resistance of a conductive member for electrical
connection from the transparent conductive film to the trans-
parent substrate having the pixel electrode and the reference
electrode, the check is made by a sensory inspection for
checking an outward appearance of the conductive member.

SUMMARY

A liquid crystal display apparatus of this disclosure
includes: a display device that includes a first substrate having
apixel electrode and a reference electrode, a second substrate
facing the first substrate, and a liquid crystal sandwiched
between the first substrate and the second substrate and that
applies an electric field between the reference electrode and
the pixel electrode; a flexible substrate that is mounted at a
peripheral part of the first substrate; a housing that accommo-
dates the display device; a transparent conductive film that is
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formed on a surface of the second substrate, which is a surface
opposite to a side of the liquid crystal; a first conductive
member and a second conductive member, wherein one end
portion of the first conductive member and one end portion of
the second conductive member are connected to the transpar-
ent conductive film; a first grounding route, which is config-
ured by at least the first conductive member that is connected
to a grounding wiring formed at the peripheral part of the first
substrate and the flexible substrate; and a second grounding
route, which is configured by at least the second conductive
member that is connected to the housing. Meanwhile, a
manufacturing method of the crystal display apparatus
according to this disclosure includes forming a first conduc-
tive member at the peripheral part of the first substrate and a
wiring, which is connected to the first conductive member, on
the flexible substrate so that a first grounding route including
the first conductive member and the wiring is formed, and
forming a second conductive member to be connected to the
housing so that a second grounding route is formed. The
manufacturing method of the crystal display apparatus
according to this disclosure may includes measuring a resis-
tance value between the first grounding and the second
grounding route by using a resistance meter.

According to the liquid crystal display apparatus and the
inspection method thereof disclosed in this disclosure, even
when one grounding route of the electrical connection
grounding the transparent conductive film is broken, the
grounding of the transparent conductive film is maintained.
Also, by checking the resistance value between the indepen-
dent grounding routes, it is possible to improve the reliability
of the grounding connection of the transparent conductive
film and also to improve the reliability of a display quality of
the liquid crystal display apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of this disclosure will become more apparent from the fol-
lowing detailed descriptions considered with the reference to
the accompanying drawings, wherein:

FIG. 1 is a plan view of a liquid crystal display apparatus
according to an illustrative embodiment of this disclosure;

FIG. 2A is a sectional view taken along a dotted line I1A-
ITA of FIG. 1 and FIG. 2B is a sectional view taken along a
dotted line IIB-1IB of FIG. 1;

FIG. 3 is a plan view showing an inspection method (manu-
facturing method) of the liquid crystal display apparatus
according to an illustrative embodiment of this disclosure;
and

FIG. 4 is a plan view of the liquid crystal display apparatus
according to an illustrative embodiment of this disclosure.

DETAILED DESCRIPTION
First Ilustrative Embodiment

Hereinafter, illustrative embodiments of this disclosure
will be described. FIG. 1 is a plan view of a liquid crystal
display apparatus according to an illustrative embodiment of
this disclosure, FIG. 2A is a sectional view taken along a
dotted line ITA-IIA of FIG. 1 and FIG. 2B is a sectional view
taken along a dotted line IIB-IIB of FIG. 1.

A structure of a liquid crystal display apparatus 200 is
described with reference to FIGS. 1, 2A and 2B. A display
device 100 configuring the liquid crystal display apparatus
200 has a display part, in which a plurality of pixel electrodes
is formed thereon and a liquid crystal layer 16 is sandwiched
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between two opposing insulating substrates (for example,
glass substrates), i.e., a first substrate that is an electrode
substrate 1 and a second substrate that is a counter substrate 2.
On the electrode substrate 1, a plurality of gate wirings and a
plurality of source wirings are arranged. In the vicinity of
intersecting portions of the wirings, thin film transistors that
are switching elements are arranged. The pixel electrodes that
are connected to the thin film transistors are arranged in a
matrix shape (all of which are not shown).

Also, the counter substrate 2 is formed with a counter
electrode made of a transparent conductive film, a colored
filter layer for color display, a black matrix arranged between
respective pixels and the like. The electrode substrate 1 and
the counter substrate 2 are overlapped with the liquid crystal
layer 16 and a spacer, which are interposed therebetween, and
are sealed by a seal material (not shown).

Also, the display device 100 of this illustrative embodi-
ment adopts a chip on glass (COG) manner in which a driver
1C11 supplying outside power is directly formed on terminals
of'the gate wirings and source wirings formed on a outside of
a display area of the electrode substrate 1. A wiring of the
driver IC 11 is connected to a control substrate (not shown)
through a flexible printed circuit (flexible substrate; FPC) 6.
Also, the display device 100 has a backlight 14 illuminating
light to a backside of the electrode substrate 1 and is accom-
modated in a housing 15, thereby configuring the liquid crys-
tal display apparatus 200.

In the meantime, the liquid crystal display apparatus 200 of
this illustrative embodiment is a horizontal electric field type
liquid crystal display apparatus, in which the pixel electrode
and a reference electrode are provided in a pixel area and an
electric field that is generated parallel with the electrode
substrate 1 between the pixel electrode, which is driven by the
gate wiring, and the reference electrode modulates light pen-
etrating the liquid crystal layer.

As shown in FIG. 2A, a transparent conductive film 9 is
formed at least in a display area of a surface of the counter
substrate 2, which is a display surface. A polarization plate 8
is arranged on a surface of the transparent conductive film 9 so
that it exposes a part of the transparent conductive film 9. The
transparent conductive film 9 on the counter substrate 2,
which is not covered by the polarization plate 8 with being
exposed, is attached and is conductively connected to an
electrode terminal 3a on the electrode substrate 1 by a first
conductive member 71.

Also, a grounding wiring 4a is provided on the electrode
substrate 1 located at the outside of the display area (herein-
after, referred to as a peripheral part of the electrode substrate
1), and the electrode terminal 3a is formed at an outer side of
the counter substrate 2 on the grounding wiring 4a of the
electrode substrate 1. Also, an electrode terminal 35 is pro-
vided on the grounding wiring 4« and in the vicinity of an end
portion of the peripheral part of the electrode substrate 1. A
protective film 10 is formed between the electrode terminal
3a and the electrode terminal 354. An insulation film 7 is
formed at an inner side of the electrode terminal 3a and the
grounding wiring 4a.

In the liquid crystal display apparatus 200 of this illustra-
tive embodiment, the electrode terminal 3a is provided at the
peripheral part of the electrode substrate 1, and the electrode
terminal 3a is provided with a first grounding route, through
which the electrode terminal 3a is connected to a grounding
wiring 45 formed in the FPC 6 via the grounding wiring 4a on
the electrode substrate 1, the electrode terminal 35 and an
anisotropic conductive film (ACF) 5.
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In this way, the transparent conductive film 9 in the display
area is connected to the grounding wiring 45 formed in the
FPC 6 and can be thus grounded.

Also, as shown in FIG. 2B, one end portion of a second
conductive member 72 is adhered to an end portion of a side
different from a side of the end portion of the electrode
substrate 1 at which the first conductive member 71 is
adhered. The other end portion of the second conductive
member 72 is adhered to the housing 15, which is made of a
material containing metal, configuring the liquid crystal dis-
play apparatus 200, so that a second grounding route is
formed. The second conductive member 72 will be config-
ured by a conductive tape, a metallic paste and the like.

In the below, a method of manufacturing the liquid crystal
display apparatus 200 according to this illustrative embodi-
ment is described. First, a metal film of Cr, Al, Ta, Ti, Mo and
the like or an alloy film having the metal component as a main
component is formed on a transparent insulating substrate
such as alkali-free glass (for example, product name AN635)
by a sputtering method and is then patterned by a photolithog-
raphy technology. As a result, a gate electrode, a gate wiring
of a display part, a gate wiring of an electrode terminal part
and the like are formed at the same time.

Subsequently, an SiN film is further formed using plasma
CVD and the like, so that a gate insulating film is formed.
Then, an amorphous Si to be a channel layer and N+ type
amorphous Si to be a contact layer are continuously formed
on the gate electrode, the gate wiring and the gate insulating
film. After the film formation, the film is patterned using the
photolithography technology, so that thin film transistors for
driving respective display elements of the display part are
formed. Further, a metal film of Cr, Al, Mo and the like or an
alloy film having the metal component as a main component
is formed by the sputtering and is then patterned by the
photolithography technology, so that a drain electrode and a
source electrode of the display part, a source wiring of the
display part, a source wiring of the electrode terminal part and
the like are formed at the same time.

Then, in order to suppress a DC component from being
applied to the liquid crystal layer 16, an SiN film is formed
using the plasma CVD, so that the protective film 10 is
formed. Thereafter, an insulating film of the electrode termi-
nal part of the gate and source wirings is removed. Finally, an
indium tin oxide (ITO) film is formed by the sputtering and is
patterned by the photolithography technology, so that the
pixel electrodes are formed. At the same time, the electrode
terminals 3a, 35 of the gate and source wirings and the like of
the electrode terminal part are also formed. By forming the
ITO film, the electrode terminals 3a, 35 made of the wiring
material such as Cr, Al and the like are not exposed and an
oxide film is suppressed from being formed on the electrode
terminals 3a, 3b, so that it is possible to suppress the conduc-
tion defect with the outside input. By the above manufactur-
ing method, the electrode substrate 1 of the liquid crystal
display apparatus 200 according to this illustrative embodi-
ment is completed. The electrode substrate 1 is adhered with
the counter substrate 2 with being overlapped, and the liquid
crystals are injected therebetween. The transparent conduc-
tive film 9 is formed at least in the display area of the surface
of the counter substrate 2 configuring the liquid crystal dis-
play apparatus 200, which is a display surface. The polariza-
tion plate 8 is arranged on the surface of the transparent
conductive film 9 so that it exposes a part of the transparent
conductive film 9. The display device 100 configured in this
way 1s accommodated in the housing 18 made of a material
containing the metal, together with the backlight 14 illumi-
nating the backside of the display device.
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In the below, a method of mounting the driver IC 11 on the
electrode substrate 1 is described. First, the ACF 5 is adhered
on the electrode terminal 35 formed on the peripheral part at
the outside of the display area of the electrode substrate 1.
Then, a plurality of bumps made of Au, which are formed on
a backside of'the driver IC 11, and the electrode terminals 3a,
35 are aligned with high precision, which are then thermally
compressed using a heating/pressing tool. Thereby, the driver
IC 11 is electrically connected to the electrode terminals 3a,
354 of the display device 100 by conductive particles of the
ACF 5, which is arranged between the bumps of the driver IC
11 and the electrode terminal 3.

Finally, an insulative coating material is applied to the
electrode terminal part (including the electrode terminals 3a,
3b) between the driver IC 11 and the FPC 6. As the coating
material, a silicon resin, an acryl resin, a fluorine resin, an
urethane resin or the like is mainly used, and the coating
material is applied by using a dispenser. When the coating
material is applied to the electrode terminal part, it is possible
to suppress corrosion of the wirings (not shown).

In the below, an inspection method for checking conduc-
tion to the transparent conductive film 9 of the liquid crystal
display apparatus 200 according to this illustrative embodi-
ment is described with reference to FIG. 3 where a grounding
checking substrate 12 is attached. As shown in FIG. 3, a
grounding checking wiring 4¢ corresponding to the ground-
ing wiring 45 of the FPC 6 is connected on the grounding
checking substrate 12, and the wirings are connected to one
side of a resistance meter 13. Then, the FPC 6 and the ground-
ing checking substrate 12 are connector-connected. Also, the
other side of the resistance meter 13 is connected to the
housing 15. In this way, the first grounding route and the
second grounding route are connected to the resistance meter
13 and a resistance value between the grounding routes is
measured by the resistance meter 13. Thereby, it is possible to
check the conduction to the transparent conductive film 9,
thereby improving the reliability.

Additionally, after the inspection, the grounding checking
wiring 4¢ and the resistance meter 13, which are used for
checking of grounding (conduction), will be detached. As
described above, the electrode substrate 1 is formed, the
driver IC 11 is mounted thereon, and then then inspection
method for checking conduction is performed, so that the
liquid crystal display apparatus 200 is manufactured. A
manufacturing method of the electrode substrate 1, a mount-
ing method of the driver IC 11, and the inspection method is
not limited to above methods, the method can be modified
without departing from the scope of this disclosure.

As described above, the horizontal electric field type liquid
crystal display apparatus 200 of this illustrative embodiment
has the multiple grounding routes by which the transparent
conductive film 9 formed on the counter substrate 2 is
grounded. Thereby, even when one grounding route is bro-
ken, it is possible to maintain the grounding of the transparent
conductive film 9. Therefore, a shield function against the
static electricity from the outside is obtained, and also, even
when the grounding of the transparent conductive film 9 is
disconnected, the other grounding route still exists, so that it
is possible to suppress the screen display from being distorted
due to the influence of the static electricity from the outside.

Also, it is possible to check the resistance value between
the grounding routes without relying on the sensory inspec-
tion for checking an outward appearance. Thereby, the reli-
ability of the grounding connection of the transparent con-
ductive film 9 is improved, so that the reliability of the display
quality of the liquid crystal display apparatus 200 is
improved.
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In the meantime, the grounding routes of the transparent
conductive film 9 includes the first grounding route, which
connects the electrode terminals 3a, 36 provided on the elec-
trode substrate 1 with the grounding wiring 45 provided in the
FPC 6, and the second grounding route, which is grounded to
the housing configuring the liquid crystal display apparatus
200. However, each grounding route may have multiple
routes. Thereby, the reliability of the grounding connection of
the transparent conductive film 9 can be further improved.
Furthermore, in the above illustrative embodiment, the first
grounding route is connected to the grounding wiring 45 of
the FPC 6 via the electrode substrate 1. However, a further
grounding route that is not connected to the grounding wiring
4b formed in the FPC 6 may be additionally provided. The
grounding route may be also connected to a connector termi-
nal for an external signal and a power supply, for example.
Thereby, it is possible to check the grounding connection by
inspecting a lighting. Also, as another example, the grounding
route may be connected to an inspection pad that is provided
for the FPC 6 or control substrate.

In the above illustrative embodiment, the COG manner is
adopted. However, as shown in FIG. 4, a chip on film (COF)
manner in which the driver IC 11 is mounted to a film-shaped
substrate 17 adopted instead of the COG manner. In a COF
type liquid crystal display apparatus, a film-shaped substrate
17 having the driver IC mounted thereon configures a ground-
ing wiring and configures a first grounding route connected
by the FPC 6 and the ACF 5.

What is claimed is:

1. A liquid crystal display apparatus comprising:

a horizontal electric field type display device that com-
prises a first substrate having a pixel electrode and a
reference electrode, a second substrate facing the first
substrate, and a liquid crystal sandwiched between the
first substrate and the second substrate and that applies
an electric field between the reference electrode and the
pixel electrode;

a flexible substrate that is mounted at a peripheral part of
the first substrate;

a housing that accommodates the display device;

atransparent conductive film that is formed on a surface of
the second substrate, which is a surface opposite to a side
of the liquid crystal;

a first conductive member and a second conductive mem-
ber, wherein one end portion of the first conductive
member and one end portion of the second conductive
member are in contact with the transparent conductive
film;

a first grounding route, which is configured by at least the
first conductive member that is connected to a grounding
wiring formed at the peripheral part of the first substrate
and the flexible substrate; and

a second grounding route, which is configured by at least
the second conductive member that is connected to the
housing.

2. The liquid crystal display apparatus according to claim

15

wherein the first grounding route is connected to a ground-
ing terminal formed on the flexible substrate.

3. The liquid crystal display apparatus according to claim

15

wherein the first grounding route is connected to at least
one of an inspection pad and a connector terminal of the
flexible substrate.

4. A manufacturing method of'a liquid crystal display appa-

ratus, the apparatus comprising: a display device that com-
prises a first substrate having a pixel electrode and a reference
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electrode, a second substrate facing the first substrate, and a
liquid crystal sandwiched between the first substrate and the
second substrate and that applies an electric field between the
reference electrode and the pixel electrode; a flexible sub-
strate that is mounted at a peripheral part of the first substrate;
a housing that accommodates the display device; a transpar-
ent conductive film that is formed on a surface of the second
substrate, which is a surface opposite to a side of the liquid
crystal; the method comprising:

forming a first conductive member at the peripheral part of
the first substrate and a wiring, which is connected to the
first conductive member, on the flexible substrate so that
a first grounding route including the first conductive
member and the wiring is formed; and

forming a second conductive member to be connected to
the housing so that a second grounding route is formed,

wherein one end portion of the first conductive member
and one end portion of the second conductive member
are in contact with the transparent conductive film.

5. The manufacturing method of the liquid crystal display

apparatus according to claim 4, further comprising
measuring a resistance value between the first grounding
and the second grounding route by using a resistance
meter.

6. The manufacturing method of the liquid crystal display
apparatus according to claim 4, wherein the first conductive
member is not in direct electrical contact with the second
conductive member.

7. The manufacturing method of the liquid crystal display
apparatus according to claim 4, wherein the first conductive
member is spaced from the second conductive member such
that the first and second grounding routes are separate from
one another.

8. A liquid crystal display apparatus comprising:

a horizontal electric field type display device that com-
prises a first substrate having a pixel electrode and a
reference electrode, a second substrate facing the first
substrate, and a liquid crystal sandwiched between the

10

15

25

30

35

8

first substrate and the second substrate and that applies
an electric field between the reference electrode and the
pixel electrode;

a flexible substrate that is mounted at a peripheral part of
the first substrate;

a housing that accommodates the display device;

atransparent conductive film that is formed on a surface of
the second substrate, which is a surface opposite to a side
of the liquid crystal;

a first conductive member and a second conductive mem-
ber, wherein one end portion of the first conductive
member and one end portion of the second conductive
member are connected to the transparent conductive
film;

a first grounding route, which is configured by at least the
first conductive member that is connected to a grounding
wiring formed at the peripheral part of the first substrate
and the flexible substrate; and

a second grounding route, which is configured by at least
the second conductive member that is connected to the
housing,

wherein the first conductive member is not in direct elec-
trical contact with the second conductive member.

9. The liquid crystal display apparatus according to claim

8, wherein the first grounding route is connected to a ground-
ing terminal formed on the flexible substrate.

10. The liquid crystal display apparatus according to claim

8, wherein the first grounding route is connected to at least
one of an inspection pad and a connector terminal of the
flexible substrate.

11. The liquid crystal display apparatus according to claim

8, wherein the first conductive member is spaced from the
second conductive member such that the first and second
grounding routes are separate from one another.

12. The liquid crystal display apparatus according to claim

1, wherein the first conductive member is spaced from the
second conductive member such that the first and second
grounding routes are separate from one another.
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